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RESUMO 
 
A periodontite agressiva (PAg) é uma doença que acomete indivíduos sistemicamente 
saudáveis, caracterizada por rápida e severa destruição do periodonto de inserção. A 
agregação familiar é uma característica importante e a condição periodontal dos pais 
afeta o microbioma bucal das crianças, o que pode aumentar o risco de ocorrência 
dessa doença. Assim, uma avaliação de quando as alterações se estabelecem para 
entendimento da patogênese e manejo da população de risco torna-se essencial. 
Desta forma, o objetivo desse estudo caso-controle foi avaliar a dinâmica de 
colonização nas diferentes fases da dentição de indivíduos de 0 a 18 anos de idade, 
pertencentes de famílias com histórico de periodontite agressiva, comparando-se com 
filhos de pais com saúde periodontal. Cem pacientes foram selecionados, com 
pareamento de gênero e idade, e divididos de acordo com a fase de dentição: 
Edentulos (n = 5), decídua (n = 15), mista (n = 15) e permanente (n = 15) para os 
grupos agressiva e saúde, respectivamente. De cada paciente foi coletada saliva não 
estimulada, do DNA total foi extraído e amplificado o segmento 16 rRNAs e as regiões 
especificas V1-V3 e V4-V5. Para os dados clínicos e demográficos ceo, CPOD, idade 
e gênero não houve diferença estatística significante. A análise de bioinformática 
demonstrou que não houve diferença estatística para diversidade β entre os grupos 
na fase edentulos (Adonis, p<0,404) e decídua (Adonis, p<0,699), embora espécies 
associadas a maior patogenicidade tenham sido identificada em maior proporção 
ainda nessas fases nos indivíduos PAg. Já em relação a dentição mista houve 
diferença estatística significante para diversidade β (Adonis, p<0,003). As diferenças 
na diversidade β entre os grupos se mantiveram na dentição mista e permanente 
(Adonis, p<0,007), e maior abundância de espécies associadas a disbiose. O 
networking entre espécies mostrou um aumento das relações microbianas a partir da 
dentição mista em PAg e permanente na saúde, o que indica um precoce 
amadurecimento do microbioma nesses indivíduos. Portanto, a dentição mista em 
PAg é a fase de estabelecimento de uma microbiota mais patogênica e de 
características disbióticas, que pode estar associada a um maior risco para o 
desenvolvimento de doença periodontal. Diante destes resultados poderemos realizar 
intervenções preventivas e acompanhamento de filhos de pais com PAg, evitando o 
início da doença em idades precoces. 
Palavras chaves: periodontite agressiva, microbioma, disbiose
                                                        ABSTRACT 
 
Aggressive Periodontitis (AgP) is a disease that affects systemically individuals, 
characterized by rapid and severe destruction of the periodontal insertion. Familial 
aggregation is an important feature and the periodontal condition of the parents affects 
the children oral microbiome, which may be a risk factor, and that is why it's important 
for an assessment of when changes are established for understanding of pathogenesis 
and management the population of risk. Thus, the objective of this case-control study 
was to evaluate the dynamics of colonization in different phases of the dentition on 
individuals from 0 to 18 years old, belonging to families with a history of AgP, and 
compare to children of parents with periodontal health. One hundred patients were 
selected, with gender and age pairing, and divided according to the dentition phase: 
AgP Group: Edentulos (n = 5), primary (n = 15), mixed (n = 15) and permanent (n = 
15) for aggressive groups and health, respectively. From each patient, unstimulated 
saliva was collected, from total DNA was extracted and amplified segment 16 rRNAs 
and specific regions V1-V3 and V4-V5. For the clinical and demographic data dmft, 
DMFT, age and gender there was no statistically significant difference. The 
bioinformatics analysis showed that there was no statistical difference for β-diversity 
between the groups in the edentulos phase (Adonis, p < 0.404) and primary (Adonis, 
p < 0.699), although species associated with greater pathogenicity have been identified 
in greater proportion still in these phases in AgP. Already in relation to mixed dentition 
there was statistically significant for β-diversity (Adonis, p < 0.003). Differences in β-
diversity between the groups remained in the mixed dentition and permanent (Adonis, 
p < 0.007). The networking showed an increase of microbial relationships from the 
mixed dentition in AgP and permanent health, which indicates an establishment of 
pathogen microbiome in these individuals. Therefore, the mixed dentition in AgP is the 
establishment of a more pathogenic microbes and dysbiosis, which can be associated 
with a greater risk of developing periodontal disease. On these results we can perform 
preventive interventions and follow-up of children of parents with AgP, preventing the 
onset of the disease at early ages. 
Keywords: Aggressive periodontitis, microbiome, dysbiotic 
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1 INTRODUÇÃO 
 
A periodontite agressiva (PAg) é uma doença imuno-inflamatória do 
periodonto de inserção que acomete indivíduos jovens, sistemicamente saudáveis 
(Armitage, 1999). Clinicamente a PAg caracteriza-se pela severa e rápida destruição 
do osso alveolar e inserção conjuntiva, que pode resultar na perda precoce de dentes 
(Armitage, 1999; Albandar, 2014). Atualmente, segundo a nova classificação proposta 
pela Federação Europeia e Academia Americana de Periodontia, a PAg pode se 
enquadrar na categoria Periodontite de padrão inciso-molar, estágio 3-4, grau C 
(Caton, 2018), o que representa um tipo de doença altamente mutilante. A prevalência 
desse tipo de doença é de 0,1 a 15% (Demmer e Papapanou, 2010; Hashim et al., 
2017) na população mundial e, no Brasil, a prevalência é de aproximadamente 5,5% 
(Albandar, 2014; Levin, 2011; Susin, Haas e Albandar, 2014), chegando a 9,9% em 
indivíduos na faixa de 29-34 anos. A fim de melhor entender os fatores etiopatogênicos 
da PAg, diversos estudos têm avaliado fatores genéticos, imuno e microbiológicos, 
embora ainda não tenha se obtido resultados conclusivos. Dentre as características 
associadas a PAg destaca-se a agregação familiar dos casos (Mokeem, 2018; Calisir, 
2018), relaciona ao acúmulo de diversos fatores etiopatogênicos comuns 
compartilhados entre os familiares podem aumentar a ocorrência de casos (Feng et 
al., 2015; Könönen e Müller, 2014; Monteiro et al., 2014; Asikainen, Chen e Slots, 
1996; Dogan et al., 2008).  
Historicamente, a PAg tem sido relacionada à presença de bactérias 
específicas, destacando-se a Aggregatibacter actinomycemtencomitans (Aa) (Mintz, 
2000) e, em certas populações, Porphyromonas gingivalis (Armitage, 1999; Feng et 
al., 2010). A Aa é um bastonete gram-negativo, facultativo, capnofílico e fermentador 
de carboidratos, com alta capacidade de invadir tecidos, que pode apresentar diversos 
sorotipos com diferentes graus de patogenicidade (Mínguez et al., 2016; Mínguez et 
al., 2014). A heterogeneidade desta bactéria pode estar relacionada com diferentes 
graus de destruição periodontal (Poulsen, Ennibi e Haubek, 2003; Cortelli et al., 2005). 
As características desse patógeno, em especial, seu caráter facultativo, permitem a 
colonização de diversas regiões da cavidade oral (Feng et al., 2015), sendo esse já 
identificado em saliva, mucosa oral, biofilme supragengival e subgengival de pacientes 
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com periodontite e saudáveis (Lang et al., 2017), oriundos da terapia periodontal de 
suporte (Monteiro et al., 2014; Elabdeen et al., 2015; Li et al., 2015). A capacidade de 
colonizar outros ambientes além do subgengival, somado a suas características (p. 
ex. aeróbio facultativo) poderiam aumentar a possibilidade de transmissão inter-
individual desses patógenos, em especial, na evidente agregação familiar existente 
na PAg (Monteiro et al., 2015).  
Estudo recente revelaram que a saliva de filhos de pais portadores de PAg 
é significantemente mais colonizada por Aa, comparando com crianças descendentes 
de pais periodontalmente saudáveis (Monteiro et al., 2014). A transmissão vertical 
desse patógeno fica clara a partir da análise da agregação familiar, indicando 16x 
maior chance de infecção por Aa em crianças quando um pai/mãe apresenta Aa. Essa 
mesma tendência de transmissão (Calisir, 2018) e colonização precoce por Aa foi 
observada no ambiente subgengival, com maior presença de Aa em filhos de 
indivíduos com histórico de PAg, esses pacientes já se encontravam tratados, o que 
reforça a ideia da transmissão comparado a indivíduos periodontalmente saudáveis 
(Monteiro et al., 2015). Esses resultados podem indicar que a condição oral dos pais, 
em conjunto com diversos fatores, pode levar a uma mudança na colonização do 
ambiente oral, gerando, em certas condições, um ambiente mais propenso ao 
desenvolvimento de doenças periodontais (Costalonga e Herzberg, 2014).    
Contudo, esses estudos avaliaram apenas um patógeno específico e 
crianças em uma determinada dentição. Sabe-se atualmente que mais importante que 
a presença de um patógeno específico (Faveri et al., 2009), o perfil disbiótico da 
comunidade microbiana é determinante para a ocorrência de doenças periodontais 
(Lamont, Koo e Hajishengallis, 2018). Além de estudos mostrando que diversos outros 
agentes podem estar aumentados na PAg (Nickles et al., 2016; Shi et al., 2018), o 
estudo de Fine et al., 2013 mostrou que a presença simultânea de Aa, Filifactor alocis 
(Schlafer et al., 2010) e Streptococcus parasanguinis foi preditivo para a perda de 
inserção na PAg em jovens. Ainda nesse contexto, identificar a faixa etária ou dentição 
determinante para uma possível colonização por periodontopatógenos pode ser de 
grande importância para uma abordagem terapêutica e preventiva mais efetiva. 
Estudos disponíveis até o momento focaram apenas na transmissão de agentes 
relacionados à doença cárie e não à doença periodontal. Estudos recentes mostraram 
uma mudança gradativa no perfil de colonização da cavidade oral, incluindo a 
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presença de microrganismos associados a doença periodontal (Mason et al., 2018). 
Contudo, ainda não se sabe o impacto do tipo de microbiota oral dos pais na 
microbiota de seus descendentes.  
Assim, o objetivo deste estudo foi avaliar a dinâmica de colonização nas 
diferentes fases da dentição de indivíduos de 0 a 18 anos de idade, pertencentes de 
famílias com histórico de periodontite agressiva, comparando-se com filhos de pais 
com saúde periodontal. 
 
  
17 
 
2 ARTIGO 
 
 
DYNAMICS OF COLONIZATION IN RELATIVES OF PATIENTS WITH 
AGGRESSIVE PERIODONTITIS: A CASE CONTROL STUDY 
 
 
Authors: Aurelio Amorim Reis1, Mabelle de Freitas Monteiro1, Thiago Perez Rangel1, Gabriela 
Bonilha1, Márcio Zaffalon Casati1, Enilson Antônio Sallum1, Karina Gonzales Silvério Ruiz1, 
Francisco Nociti-Jr1, Purnima Kumar2, Renato Corrêa Viana Casarin1. 
Campinas State University, School of Dentistry of Piracicaba. Department Prosthodontic and 
Periodontics1 
Division of Periodontology, College of Dentistry, the Ohio State University, Columbus, Ohio, 
United States of America2 
 
 
Artigo submetido para publicação no periódico Journal of Periodontology considerado 
Qualis A1 pela CAPES.   
  
18 
 
ABSTRACT 
  
Objective: To evaluate the dynamics of colonization in different phases of the dentition 
on individuals from 0 to 18 years old, belonging to families with a history of AgP, and 
compare to children of parents with periodontal health. 
Methods: One hundred children from AgP and health subjects, matched for gender 
and age, were selected and divided according to the dentition phase: Edentulous (n = 
5), primary (n = 15), mixed (n = 15) and permanent (n = 15). Age, gender, dmft and 
DMFT were evaluated for all children included in the study.  From each patient, 
unstimulated saliva was collected, the total DNA was extracted and V1-V3 and V4-V5 
region of the 16S rRNA was sequencing using the MiSeq platform Bioinformatics tools 
were used to perform the analysis. 
Results:  No difference in β-diversity between groups in edentouous and deciduous 
phases were observed, although difference abundance of species could be noted. In 
relation to mixed dentition, there was a statistically significant difference for β-diversity 
(Adonis, p<0.003) and higher abundance of dysbiosis-associated species as Filifactor 
alocis and Treponema denticola were noted at AgP descendants. The same pattern of 
diversity remained in the permanent dentition. The networking analysis showed an 
increase in microbial relations in the AgP group during mixed dentition and in 
permanent dentition in Health group, which indicates an early establishment of the 
microbiome in these AgP descendants. 
Conclusion: The familial periodontal status influences the composition of the 
microbiome of GAgP descendants, and the mixed dentition is the phase associated 
with the establishment of a dysbiotic microbiome. 
Keywords: Aggressive periodontitis, microbiome, dysbiotic 
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INTRODUCTION  
 
Aggressive periodontitis (AgP), an immuno-inflammatory disease of 
periodontium occurs in early age of systemically healthy individuals, and is 
characterized by a rapid loss of alveolar bone around incisors and molars teeth1–3.  The 
prevalence in children and adolescents reported in Europe and Africa is 0.1% to 7.6%, 
respectively3–5. In Brazil, the disease frequency was from 0.3 to 5.5% for young 
individuals, achieving 9.9% of the 29-34 years old population4,6. Although the 
etiopathogenesis of AgP has been deeply studied, no conclusive findings have been 
determined. Among the possible factors, genetics polymorphisms, immuno-
inflammatory alterations and a specific microbiota has been suggested7–9. 
Interestingly, this condition has presented accumulation of cases within family, being 
a descendent of AgP affected individual 50% more likely to develop this disease than 
a non-related child1011. This familial occurrence indicates a possible transmission of 
risk factors, being the descendent a risk population for AgP development.  
Once some studies have indicated a fundamental role of Aggregatibacter 
actinomycemtencomitans11 (Aa) on AgP pathogenesis12–14, Monteiro et al,6,9 evaluated 
its presence on AgP-affected individuals and their children during mixed-dentition. A 
child from an AgP-parent was most likely colonized, in saliva and subgingivally, then 
children from periodontally healthy parent. This possibility of transmission was 
evidenced on the 16x higher chance to be an Aa-positive child when the parent 
presented this pathogen9. These results highlighted the importance of parent 
colonization on their children oral microbiota. However, besides the current 
understanding of periodontal disease as a dysbiotic condition1515, previous studies 
showed the importance of other bacteria on AgP, such as Selenomonas spp, P. 
gingivalis, Filifactor alocis, Eubacterium sp and Capnocytophaga, which are species 
also associated to AgP in different population7,16–18. Fine et al., 201319, indicate that 
not only Aa, but a consortium of Aa, Filifactor alocis (Fa) and Streptococcus 
parasanguinis (Sp) were related with future bone loss in young affected by AgP19.  
It is unknown if the period of acquision of a dysbiotic community also could 
affect oral health and disease development. The oral cavity is an environment 
abundant in bacteria, and colonization starts from 8 to 16 hours after birth. The main 
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sources of transmission are diet, digital suction and vertical transmission20 being saliva 
the main route of contamination21. During the deciduous dentition, the first teeth erupt 
and with this the number of species identified in the mouth exceeds 700 taxa over 
time22, presenting a greater colonization of Lactobacillus23. Commonly, in the 
deciduous dentition we may see the presence of facultative anaerobic bacteria and 
after of aerobic bacteria23. In addition, from the primary to mixed dentition, there is a 
significant change in diversity, exhibiting a greater degree of alteration in its profile.  
 
Therefore, we can associate factors such as age, genetics and lifestyle that 
should be linked to this variation; some bacteria inhabit the oral environment in the 
mixed dentition in healthy patients: Veillonella sp, Selenomonas sp, Porphyromonas 
gingivalis, and in patients with periodontal disease, the microbiome is completely 
different: Prevotella intermedia, Fusobacterium nucleatum, Parvimonas micra and 
Filifactor alocis19. In previous studies related to the permanent dentition, larger 
proportions of red complex (T.denticola, P.gingivalis e T.forsythia) than the other 
bacteria were detected in the adult biofilm, suggesting that permanent teeth are 
involved in the process of this colonization24. It is a consensus that the microbiome 
changes its composition over time in relation to the phases of the dentition, where it is 
possible to verify a maturation and new bacterial colonization over time. 
Thus, in view of the recent understanding of periodontal disease as a 
dysbiosis condition and the absence of knowledge about microbiome stablishment, the 
objective of this study was to evaluate the dynamics of colonization in the different 
phases of the dentition of individuals from 0 to 18 years old, belonging to families with 
a history of aggressive periodontitis, comparing with children of parents with 
periodontal health. 
 
MATERIAL AND METHODS 
Study design  
This study was an age- and gender-matched, case-control study to assess 
the dynamics of colonization in the different phases of the dentition of individuals from 
families with a history of aggressive periodontitis, comparing with children/adolescents 
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of parents with periodontal health. The study was approved by the Ethics Committee 
of the University of Campinas (70816017.6.000.5418) and was developed from March 
2017 to November 2018. Study participants were selected from patients referred to the 
Graduate Clinic from the Piracicaba Dental School. The study inclusion criteria were 
different for each group:  
Aggressive group (n=50): Children aged between 0 to 18 years, with at least 
one parent (father or mother) presented diagnosed with AgP (according AAP, 1999). 
For AgP diagnosis, parents should present less than 35 years old at the time of 
diagnosis, have least 08 teeth with probing depth of and CAL>5 mm, at least 20 
remaining teeth in the oral cavity and present good systemic health9.   
Health group (n=50): Children aged between 0 to 18 years, with both 
parents (father and mother) periodontally healthy. Periodontally healthy parents did not 
present any site with periodontal probing depth (PPD) > 4 mm with bleeding on probing 
(BoP), at least 20 remaining teeth and good systemic health9. 
Parents with chronic disease, smokers or former smokers, pregnant or 
lactating, use of antibiotic within 3 months previous the study and that had received 
periodontal treatment within 6 months prior the study, were excluded from the study9. 
All children were separated according to individual’s teething phase - edentulous, 
primary, mixed and permanent dentition. Oral clinical exams were performed for all 
children, when the gender and age information was collected. Then, the dmft and 
DMFT were performed. The examination was performed by a single calibrated 
examiner25. 
 
Sample collection  
From each subject, unstimulated saliva was collected with Eppendorf 
microtubes (AXYGEN, United States) and from edentulous subject, saliva samples 
were collected using sterile swabs (Microbrush®, Grafton, WI, EUA) avoiding mucosal 
attrition. All samples collected were stored in microtubes with 300µL of Tris-EDTA 
0.5mM (Sigma®Life Science, Merck. Munich, Deutschland) and frozen at -80ºC until 
analysis.  
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DNA isolation 
The saliva samples were transferred to new sterile tubes, 200ml of 
phosphate buffered saline (PBS) was added, and vortexing for 1 minute, centrifuge at 
5000 rpm for 5 minutes and discard the supernatant after the process. The sample 
was removed and the DNA isolated using Quiagen MiniAmp kit (Valencia, CA) 
according to the manufacturer's instructions. The incipient concentration DNA was 
measured following the manufacturer’s kit (Qubit® dsDNA HS Assay Kit (Life 
Technologies). 
Sequencing and Bioinformatic Analysis 
Data was generated using the Illumina TruSeq DNA kit according to the 
manufacturer’s instructions. V1-V3 and V4-V5 region of 16S rRNA gene was 
sequenced using the Illumina Miseq platform. The adaptive-ligated sequences were 
enriched with 10 cycles of PCR with included Illumina primers before the libraries are 
quantified and pooled. The reading >10% of unknown nucleotides or with >50% of low 
quality nucleotides (quality value <20) were neglected. Analyses were conducted using 
the QIIME (12) and PhyloToAST. Sequences with an average quality score of 30 over 
a sliding window of 50bp and length >200 bp were assigned a taxonomic identity by 
alignment to the HOMD database using the Blastn algorithm at 99% identity. The 
chao1 method was used as estimators of alpha diversity, and differences between 
alpha diversities group-wise were measured using the Kruskal-Wallis test. The 
Bioconductor package for R, DESeq2, was used to perform differential analysis of the 
annotated taxa. This function uses a negative binomial distribution of raw counts to 
estimate between-group differences while accounting for sampling effort (library size) 
and dispersion of each category (taxon or functional gene). p-values were adjusted for 
multiple testing (FDR < 0.1, FDR-adjusted Wald Test). The bacterial network 
correlations were determined by significant pairwise using SparCC pipeline (p<0.01, 
r>0.75) and network graphs were calculated in Python (Networkx package) and 
visualized in Gephi.  
 
Data Analysis 
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Demographical and clinical data of children form both groups were 
compared. Initially, Shapairo-wilk test was used for check normal distribution of data, 
Chi-square test for genera distribution analysis and Student´s t test for age and 
dmft/DMFT comparison. All analyses were done on SIGMA plot program (Systat 
Software Inc., Microsoft), with significance level of 5%. For β-diversity PCoA, the 
Adonis statistical test (p<0.05) and for the Kruskal Wallis α-diversity (p<0.05) were 
used. 
RESULTS 
Table 1 shows the clinical and demographic data of all the children participating in the 
study. The epidemiological indexes dmft for the primary, mixed and DMFT dentition for 
permanent dentition were applied. There was no statistically significant difference 
between groups in relation to clinical and demographic data.  
Table 1. Clinical and demographic data of children included in the study. 
 AgP children Healthy children 
Edentulous   
Age (mean(SD)) (months) 2 (1) 1.6 (1.3) 
Gender (% - M / F) 66.6 / 33.3 80.0 / 20.0 
Primary dentition   
Age (mean(SD)) (years) 2.9 (1.1) 3.2 (1.3) 
Gender (% - M / F) 50.0 / 50.0 50.0 / 50.0 
dmft (mean) 0.5 0.8 
Mixed dentition   
Age (mean(SD)) (years) 9.6 (1.8) 9.6 (1.6) 
Gender (% - M / F) 40.0 / 60.0 40.0 / 60.0 
DMFT (mean) 2.1  0 
dmft (mean) 0 0 
Permanent dentition   
Age (mean(SD)) (years) 15.7 (1.6) 15.2 (1.5) 
Gender (% - M / F) 26.7 / 73.3 30.8 / 69.2 
DMFT (mean) 0.3 0 
  SD – Standard deviation; No difference between groups (p>0.05). 
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Figure 1 demonstrates the differences in the microbial diversity for health 
and Aggressive groups in the edentulous, primary, mixed and permanent dentitions. 
1a shows the β-diversity represented in the PCoA of Unweighted Unifrac distance.  
There was no statistically significant difference when the aggressive and health groups 
were compared in the edentulous (Adonis, p<0.404), nor in primary dentition (Adonis, 
p<0.699). In the mixed dentition, a different microbial diversity was observed between 
groups (Adonis, p <0.003) what was also found in the permanent dentition (Adonis, p 
<0.007). Figure 1b shows the alpha-diversity for both groups and all dentitions. No 
differences were observed between groups at edentulous and primary dentition (Mann-
Whitney, p<0.90). However, in the mixed dentition, a statistical difference was found 
between groups (Mann-Whitney, p<0.02). Moreover, in the permanent dentition no 
statistical difference was identified (Mann-Whitney, p<0.21).  
 
Figure 2 demonstrated the differences in the microbiome according to 
different dentitions within groups. At figure 2, it is possible to note a change in the 
diversity at each dentition, in spite of the group. A statistical difference in PCoA of 
Unweighted Unifrac index between edentulous-primary (Fig 2A and 2D), primary-
mixed (Figure 2b and 2E) and mixed-permanent (Figure 2C and 2F) were noted in both 
groups (Adonis, p<0.05). However, Deseq2 shows that this change occurred differently 
at each group. While in Health (2A-D) a notable change occurs only in transition of 
mixed to permanent dentition, in AgP (2E-H) this change apparently occurs at primary 
to mixed. This markedly change could be noted also in DeSeq analysis, which presents 
several dysbiosis-associated species in higher abundance in AgP group also in 
deciduous, mixed and permanent dentitions.  
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Figure 2. Microbial differences β-diversity Unweighted Unifrac index between dentitions in the AgP and health groups and comparison with DESeq2. 
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Figure 3. Differences in microbiome β-diversity between AgP and health)in relation to dentition (A) 
edentulous, (B) primary dentition, (C) mixed dentition, (D) permanent dentition and in the bacteria 
differentially abundant for each dentition (E) edentulous, (F) primary dentition, (G) mixed dentition, 
(H) permanent dentition. 
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Figure 3 demonstrated the differences in the microbiome in the AgP and 
Health groups in the different stages of dentition. Figure 3A showed that there was no 
significant statistical difference (Adonis, p>0.404) in the β-diversity when compared 
edentulous subjects. Additionally, small number of species were differentially abundant 
between groups (figure 3E). Similarly, in the deciduous dentition, no difference was 
observed in the β-diversity (figure 3B) (Adonis, p>0.699) and small number of species 
were differently abundant between groups (figure 3F).  
 
The differences between health and aggressive started to be more intense 
at mixed dentition. The groups presented a different β-diversity (figure 3C) (Adonis, 
p<0.003) and 100 species were identified differentially abundant between groups 
(figure 3G).  The differences were maintained in the permanent dentition and 
Aggressive and health groups presented different β-diversity (figure 3D), (Adonis, 
p<0.007) and 89 differentially abundant species (figure 3H). 
 
Although a significant statistical difference was not observed in the β-
diversity of the edentulous and primary phases, the DESeq2 3E and 3F showed that 
species are already different in these phases, where it can be observed that the 
species Prevotella histicola had a greater abundance, already in the primary dentition 
the species Fusobacterium nucleatum vicentii and TM7 sp oral. In the mixed dentition 
the difference between the groups increased as the phases evolved, and a more 
pathogenic microbiome could be observed in descendants of AgP, with species 
belonging to Prevotella, Porphyromonas, Selenomonas, TM7, Treponema, 
Leptotrichia, Tannerella genera, most of than gram-negative and anaerobes 
associated to a higher pathogenicity of the microbiome increased in the aggressive 
group.  In the permanent dentition the higher pathogenicity of the microbiome of AgP 
descendants was maintained and many species correlated to periodontal destruction, 
such as F. alocis, P. intermedia, T. denticola, T. forsythia, were identified more 
abundant in the aggressive group.  
 
Figure 4 demonstrated the species-species interactions in the different phases 
of dentition for health and aggressive group. The increase in the number of correlations 
between species is observed in health (figure 4B) and in AgP (figure 4A) over time. 
The Figure 4A shows a maturation of the microbiome with greater interactions in the 
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mixed AgP dentition when compared to the figure 4B of the health group in same 
dentition. 
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Figure 4. Species Network of the interactions between the microbiomes of the different groups (A) in AgP and (B) in health. 
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4 DISCUSSION  
 
Aggressive periodontitis (AgP) has been related to inflammatory disease of 
the insertion periodontium, with gradual changes in alveolar bone and periodontal 
ligament26,27. Recently, studies have associated this disease to a dysbiotic change in 
microbiome. Dysbiosis is created by an unbalance of species and genera in a given 
microbiome associated with health, resulting in a change in the environmental 
conditions favoring the growth of pathogens related to periodontitis28. In view of strong 
intra-familiar aggregation, vertical transmission of pathogens is the most usual way of 
acquisition of the oral microbiota, and can possibly impact the children’s oral 
colonization when one parent is AgP-affected. The present study assessed the impact 
of an AgP parent periodontal status on the oral microbiome of their descendants 
between 0-18 years old, comparing them to children from healthy families. Sequencing 
reveals that, in spite of the parent condition, there were changes in oral microbiota over 
time. However, although some slight difference was demonstrated in edentulous and 
primary dentition, the mixed dentition presented strong differences between AgP group 
children and periodontally-health ones that remains until permanent dentition, 
presenting a dysbiotic-associated microbiome. 
 
After birth, newborns do not yet have an established oral microbiome, which 
begins within a limited hours after birth with microorganisms from the mother, 
caregivers and environment20,29. In previous studies, a variability of aerobes and 
facultative oral bacteria were detected in the oral cavity and the metabolic activity of 
the precursor species modify microbiome, which will favor other species. Therefore, 
before the eruption of the teeth, the common species in the oral cavity of the newborns 
were Streptococcus, Lactobacillus and Staphylococcus genera8,28,29 and it is 
suggested that certain species colonize the environment and it is presumed to be the 
nucleus of a microbiome in the permanent dentition20. However, with teeth eruption, 
an essential change in environment occurs, opening new sites for colonization (teeth, 
gingival sulcus) and altering oral composition20. It is known that in the primary dentition 
an increase of Proteobacteria, Bacteriodetes, Firmicutes and Actinobacteria occurs 
and representatives of the family Veillonellaceae and Prevotella also increase with 
age12,23. This was demonstrate in the present study at DESeq2 analysis of primary-
mixed dentition, which a strong change of the microbiome in the primary dentition was 
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noted, compared to edentulous, in both Health and AgP groups. Meanwhile, comparing 
these dentitions, some species could be differently noted.  
In the present study, although no difference at β-diversity could be noted, 
some important species were differentially observed between Health and AgP groups, 
in edentoulous and primary dentition. As expected, the most abundant genera in both 
groups were Streptococcus and Lactobacillus.  However, some Prevotella spp were 
more abundant in AgP group than Health species actually associated to dysbiotic 
condition30. Based on the fact that their parents presented a higher level of these 
microorganisms9,13, it could be suggested a precocious transmission and colonization. 
This also could affect the changes of oral environment and the achievement of other 
facultative and anaerobic species, for example, at primary dentition, when a greater 
number of species, several of them diseased-associated, were highly abundant in AgP 
group.  
AgP group at primary dentition showed a higher colonization of Prevotella 
sp, Fusobacterium nucleatum, Fusobacterium naviforme and Enterococcus faecalis 
than Health group, which showed higher levels of gram-positive species. This 
remarkable result indicates a precocious alteration in these subjects, indicating a 
higher chance to be colonized by pathogens. Indeed, species like Fusobacterium 
nucleatum is considered keystone pathogens for future periodontal pathogens 
colonizers7,27. F.nucleatum is an important pathogen for the maturation of the 
microbiome because it has a great ability to aggregate with other obligatory and 
facultative anaerobic species31.The results suggest that precocious and abundant 
presence of this species allow early establishment of dysbiotic condition. Meanwhile, 
this suggestion is corroborated by our results, once in the mixed dentition there was a 
significant difference in β-diversity and increase in the diseased-associated species 
when compared to the health group. 
In previous studies, the prevalence of AgP related pathogens was assessed in 
the mixed dentition; these studies corroborate our findings, suggesting that this phase 
of the dentition is the key point for the beginning of the colonization and development 
of a more pathogenic biofilm when compared to the previous phases19,20,32. There was 
a higher colonization of Selenomonas sp, Leptotrichia sp, Filifactor alocis, Tannerella 
forsythia, P. nigrescens, T. denticola, Prevotella intermedia and Porphyromonas 
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gingivalis, all of them previously associated to periodontal breakdown4,18. Moreover, in 
previous studies, AgP children presented a poor oral hygiene6. Although in the present 
study the plaque index were not performed, there were several studies indicating this 
phase as a hard-to-control biofilm9. Studies cited some factors that can contribute to 
understand this increase in plaque accumulation during this phase. In the mixed 
dentition, beside the occurrence of mal-occlusion and positioning of teeth due to 
permanent eruption, parents cannot sanitize their children by growing up to deduce 
that they are self-efficient and feed themselves33,34. This phenomenon may increase 
the frequency of AgP-associated AgP32. Moreover, beside the fact of a higher 
abundance of dysbiotic-associated bacteria and a different microbiome community, a 
different pattern of relationship between species also could be noted at this point. 
 
The bacterial interactions in the two groups and in the phases of the dentitions 
were presented and showed a higher number of relationships in AgP group when 
compared to health. In Health group, a reduced number of interactions occurs in 
edentulous, primary and mixed dentition, what could indicate a poor correlation 
between species and a reduced maturity of this biofilm. The most striking changes 
occurred from mixed to permanent dentition, suggesting the establishment of self-
control pattern of this microbiome7,20. However, in AgP group, a different pattern could 
be seen. In Edentulous and primary dentition, there was an equivalent interaction for 
both groups and phase. Nevertheless, in the mixed there was a higher number of 
microbial interactions, quite similar to permanent dentition, corroborating with the idea 
of precocious biofilm maturation. Then, the mixed dentition presented a greater change 
in its microbiome, with the acquisition of news species of AgP, becoming a phase of 
risk to trigger the disease20,32. 
Considering the permanent dentition, all these previous differences 
observed between groups became more robust and significant. Although in permanent 
dentition Aa is associated with disease progression in adolescent and adult patients, 
other species have also been found in these patients as Porphyromonas gingivalis, 
Prevotella intermedia and Tannerella forsythia, Dialister pneumosintes, 
Campylobacter rectus, Fusobacterium species, Selenomas sputigena, 
Peptostreptococcus micros and spirochete18,27,35.  In our results, almost all of them 
were highly observed. However, it is important consider that in the present study, all 
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subjects were not AgP diagnosed. Thus, it highlights that when AgP affects a parent, 
their children apparently are pretender to develop a dysbiotic oral community15,36. This 
community precociously will stimulate a host-response, what could initiate gingival 
inflammation and possible start disease occurrence30.  Meantime, once the change 
from primary to mixed dentition was less exacerbated in AgP, when compared to the 
other dentitions, it could be suggested that the establishment of the pathogenic 
microbiota began in the mixed dentition and lasted until the permanent dentition, where 
the presence of species of the red and orange complex showed a highly pathogenic 
biofilm37. 
Thus, it is necessary to establish precautionary measures avoiding the 
installation of a dysbiotic microbioma, with reduction of inflammation and preventive 
conducts avoiding losses of future teeth. Our study findings, where the data presented 
showed a more pathogenic microbiome in the primary to mixed dentition reinforce the 
importance of preventive measures at early ages. Although, the study showed 
limitations due to the number of individuals in the edentulous group, where difficulties 
in finding newborns with their respective parents with AgP diagnosis. Thus, the η of 
the sample edentulos of the AgP group and health did not present problems in the 
phase of research results. According to studies in the literature, case-control drawings 
have limitations, so longitudinal studies are necessary to further follow-up these 
patients clinically so that preventive measures are adopted as soon as possible20.  
Therefore, it is important that pediatric dentists and periodontists in the 
treatment of children and young people establish preventive measures to reduce risks 
and identify important bacteria in the transition from aggressive periodontitis and to 
perform early diagnosis with reduction of risk factors of AgP. In addition, this study 
presented a very important finding, showing that since the primary to mixed dentition 
the dysbiosis was established favoring more pathogenic colonization. 
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5 CONCLUSION 
 
In conclusion, the primary and mixed dentition phase was the key point for 
the development of dysbiotic microbiome for AgP. Based on information we can carry 
out, preventive interventions and follow-up of children of parents with AgP are 
necessary, thus avoiding the onset at early age’s periodontal disease. 
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3 CONCLUSÃO 
 
Conclui-se que a fase da dentição mista foi o ponto chave para o 
desenvolvimento do microbioma disbiótico para o estabelecimento da PAg, com esta 
informação poderemos realizar intervenções preventivas e acompanhamento de filhos 
de pais com PAg, evitando assim o início da doença em idades precoces. 
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